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HIER M ZF-HDE ERIERNEES RGEH L 247

R, K&, TWE, BrK

HH IR 224 dr Bl 22 2 B, #i B 273165

WE ZF-HDEZ —JHEMRFA NEZRE T, EEMAKKE Kimam ot R R IFEZER .. FIREME RS, mF
WA 3 (Brassica napus)i K 20 H 45 B 624N ZF-HDAE K], HH183.9% KR 6t = P9 & ¥, 93.5%BnZF-HD %5 fi KT
7, T E AL T MM B AR 2 1000 UL B R B R . RIS R H 5 N6 TR, A WHF, HEEB.
oleracea) il F12%(B. rapa)ffZF-HDZE K £ A S5 S0 A S, 10 H W8 B9 3 (1 ZF-HD 28 R 8 i e s &5 [/ H M B 320
ZF-HDIE R R 2 Al [H—ERERI motif SR A I A L. SEeRME 4 R R, SRERH=F R EZF-HDE KA —
RSB 5K, TR 2 5 Ak Xtk — A H 35 R ZF-HD 3 A KR 5K o Kol KT 6B K % B ZF-HD 3 [ 7E 4k it
RS2 3 T A £ . BT BnZF-HDZE F#E A Y oo, 2/31REF BB MeJA. ABARIR IS T/ oo,
XUERN AR S SR A SRR . WS s B I5 0 % K A A A 2 ThRE B s 2, R R 22 6 N K e E

SR 2 A5 IR AL AR R A 5
XA

HIERMSE, ZF-HD, #ik, Lkt I oot

RE, KB, FME, ZHEK (2019). HEMMEZF-HDER R EN LT H RSk br. Y2k 54, 699-710.

ZF-HD# 3% X -1 (zinc finger homeodomain, ZH-
D)2 ¥k A 11 %% 5% Al 7~ (Windhovel et al., 2001;
Tan and Irish, 2006), F:7EC4Hi %) 3 1734 (Flaveria
trinervia) H B PR IE, 2 B IR s I X A A R R A T
(PEPCase) % it 2k [ 1% 7 ¥ 4% X -1~ (Windhovel et
al., 2001). ZF-HD*% 5 R () fiy 44 o2 R L 2 B 1R 7 71
A 3 55 [ HD 45 #4945 (homeodomain) A1 C2H2 74 %
& 25 4 (C2H2-type zinc finger motif). HD4% ¥y 382 2
60 AL IR IDNASE 51k, K2 B A HD 45 My 3 £
R I B A e 2R R ) 2 ks e R Y, W] 3 9 HD-
ZIP. ZF-HD. WOX. Bell type HD. PHDFIKNOX
NAFE(Ariel et al., 2007). FHDRIE AR 217
ETIEYIEN, 15K E 52 F k1% B ZAEH (Nam
and Nei, 2005; Bhattacharjee et al., 2015). £¥f545
o B 22 AN OR 5 1) A 5 R A 2 Tl e 0 T B o T A
B, T GRS R R IR DY THI 442 45 44 (Krishna. et al.,
2003). R4 HCysFIHisTL A R 2H A 5 AN [F] 28

e H #A: 2019-03-25; #:5%2 H #i1: 2019-07-26

A, WIC3H. C2H2. C2C2H1C4C6, HrLlC2H27
BN M. BEFE AT LU R 45 5 DNA L RNA,
DNA-RNAXUEE 7)1 5 5 1 J5i (Mackay and Crossley,
1998; Takatsuji, 1999; Krishna et al., 2003), 7E#x
AEH B KT 42 B DR 0k, 72 R 40 11 IS I8 s S T 75 7
W R % B A A (Mackay, 1998). fEZF-HDE
W, HD4E Ky BETS 45 A DNA, ZF45 k7] LI 35 HHD
SERIIR A 510 2 (5 5 DNA H E.4E F (Windhovel
et al., 2001; Hu et al., 2008).

HENZ, B —FEAMIF (MINI ZINC FINGE-
R) 5 ZF-HD F I ZF &5 #4457 1 AH AL i {H 5k =2 HD
4EFy18(Hu and Ma, 2006; Hu et al., 2008), H.f&Fi7
Y EREA . HENMIFE A 5ZF-HDE A kL
KA 2R RE, —~MIFE A HZF-HDE 1% KHD
SERIBTE R —RMIFRIFHD S #38E BZF-HD £
(Hu et al., 2008; Wang et al., 2016). 1%/ kK EH
P YIS T+ (Arabidopsis thaliana) fll7K % (Oryza
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sativa) [ ZF-HD £ [ 1) R 53 773, AT FE R MIFIE A
ZF-HDZ ik .

Har, BRI Z%E L5 K. KE (Glycine
max). flFEIF. /NFE(Triticum aestivum). #%j(Vitis
vinifera). 3¢ (Brassica rapa). & ffi(Solanum ly-
copersicum) F1 [t i  (Gossypium hirsutum) 2547 F
I ZF-HD L R 5K e 64T 1 % 7€ (Jergensen et al.,
1999; Windhovel et al., 2001; Deng et al., 2002;
Tan and Irish, 2006; Jain et al., 2008; Bhattacharjee
and Jain, 2013; Wang et al., 2014, 2016; Khadiza et
al., 2017; Abdullah et al., 2018). ©.7 % %,
ZF-HD¥5k (72 5V 2 A KK B i AEHEAE Y HiE
WS . JNFTFZF-HDIE RS FEfE AL 4 b g Kk, f74k
RN 712K (Tan and Irish, 2006). #81F5 T At-
ZHD1%& M1 REHs 7 145 4 ERD1 (EARLY RESPON-
SE TO DEHYDRATION STRESS 1)/53)7F, AtZH-
D1 K %ZABA. #HH+ 77 F(Tran et al., 2007;
Wang et al., 2014) . i FIEAZHDLIFINACH: A (14
TR PR 1 5% (Tran et al., 2007; Hu et al.,
2008). 41 /KFEZHDEE A R R RIS IEAH G . KT
GmZHD1 M GmZHD2 g % £ & 45 i £ 1 4 i 3 [
GmCaM4 1) J5 3 1, 12 5 B R G4 5 Rk & TH &
(Park et al., 2007; Hu et al., 2008; Wang et al.,
2014). 154NFEHRRZHDIE R 2 5 47 4 1) 400 & & A
Y4 KA (Abdullah et al., 2018). K% ¥ i
ZF-HDERIFEAE S ER AL ik, HorbAy 2 ma S AR A7)
Jifp 38 A % 4b 7 (Khadiza et al., 2017). Z3H3¢
ZF-HDERE e ik, HU RS20, FHmmdE
Y ia 75 S (Wang et al., 2016).

T AR R R A Y Y 9 5 (B, napus)
(AnARCCh, 2n=38)JE —F EE 1M EHMEY), HA%
(AA,, 2n=20)F1H ¥ (B. oleracea) (C,C,, 2n=18)%:
22 JE #EAL T R (Chalhoub et al., 2014). [Kitt, H i
TSR T IR 2 A AR RE (Y B A k). H i A
3 3 IR 41 P 2L 7E 2014 4 5E A (Chalhoub et al.,
2014), FETIHERAMFPEE R, FIHEMG ST,
FAVH 3 B S ZF-HD B R R itk A7 S, W R
FIEiig s FEARTRAGRRAE « A F o R A R SR 2
AT AT, DUBACHIR A48 78 ZF-HD&: 5 5K 1 A2 )
FIIREBE LA, I s 2 FE R ORAE I 2 A A
A HEA RS- A ER AR

1 ME57E%E

1.1 BEEKRE

H W Ak 32 (Brassica napus L.). F3%(B. rapa L.)All
H % (B. oleracea L)W 4 74, CDSIF4. EHH
Ji A B R AE B35 T 2 H BRAD L FE (http://b-
rassicadb.org) (Cheng et al., 2011). #1743+ (Arabi-
dopsis thaliana (L.) Heynh) ZF-HDZE &% F# 4
TAIR (http://www.arabidopsis.org/).

1.2 ZF-HDERAMEE

Wi MR A R I AL S A H WS W ZF-HD R A .
(1) MIEEE R HF M u5PlantTFDB (http://planttfdb.
cbi.pku.edu.cn/, V4.0) (Jin et al., 2017b) 4735 F & H
WA S A H W A ZF-HD X i 01 8 P 415 (2)
M Pfam %4 % (http://pfam.xfam.org/) (Bateman et
al., 2002; Finn et al., 2016) N#ZF-HDZE A (1) PF-
0477045 K38 Fh 144 stockholm >4, f# Flhmmse-
arch T H 73 748 2 H i 24 o S A0 H I8 1 2 3 T Bl
P, ZHUi81.0; (3) LAMLLRIF+ZF-HDER H 541 txy
SO, AT A HBlast PRI R, efti ki le-3; BEHARIL
s, LEES Y, 25 H AL T HCDD
(http://www.ncbi.nlm.nih.gov/Structure/bwrpsb/bwrp
sb.cgi)f1Smart (Schultz et al., 1998) (http://smart.
emblheidelberg.de/) il £ 1 57 71 ) S5 K3, FR A5
EHER, HTRE .

1.3 ZF-HDEBWEMEERES

X H ProtParam (http://web.expasy.org/protparam/)
SR E B BIARR 7T R AR KDL &S
m.o. FMAWOLF PSORT (http://www.genscript.com/
wolf-psort.html) 75 28 T 5 Fi il & 11 /53 19 0 24 i 5 157

H| H Ensembl £ A ZH % 45 F£ (http//plants.ensembl.
org/index.html) 3 L cDNAJF 51| . CDSJF 41 LA & J& 5
T L2 000 bp/74l. iEidPlantCarert 4k /i TR
(http://biocinformatics.psb.ugent.be/webtools/plantc-
are/html/) %t ZF-HD % (R 1) =0 A FH oo 4 317 3 %,
TEExcel 4 B B Tab4h 550k, H TBtools#i £ (1)
Simple BioSequence Viewer T FL & 7 I 21 FH 7014
[f)4>4i(Chen et al., 2018). @it GSDST H (http:/
gsds.cbi.pku.edu.cn/) (Hu et al., 2015) 43 #rZF-HDI¥]
LRS54 o
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1.4 ZF-HDEREREHWRGHNL S

FIFHClustal X183 H g A= . 8. H 5 A
T MZF-HDE A &K P HI AT Z BN, Hhxfgh R
HIMEGA 7.0#1T R4ttt T (Kumar et al., 2016).
FH 4B 323 (neighbor joining, NJ)F: 2 Sk, it
A 15 25 N TE FA BE 5 (poisson  correction), JlEERETCA
1 000 (bootstrap: 1 000 replications). | & KALLIA
#:(maximum likelihood method, ML) HELLBY, &
KPR B A ITT+G, bootstrapi® Jy1 000, F1JF 78
28 T H.Evolview (https://www.evolgenius.info/evolvi-
ew/)3E47 # 44 (He et al., 2016).

1.5 ZF-HDEFERREKRS

FI I Mapchart 3 {4 &2 il 5 R 75 G2t pk b (1) 2 A 1 o
[&] i A1) F #E 28 % 44 MEME  (http://meme-suite.org/
tools/meme) (Bailey et al., 2015)xf H # %4 i 3¢
ZF-HD#E H fymotif ZE 47 FiLI A1 73 4 . MEMEZ %k
#: motiff & 15, motif K & °46-60. T mast.xml
S5 R0, A TBtools#i 14 i) Redraw motif pattern L.
H & 7rmotiff¥] 73 47 (Chen et al., 2018).

16 HERBRSHBETASUEESERE
hah

i i BRAD (http://brassicadb.org/brad/searchSyn-
teny.php) (Cheng et al., 2012)7F £k 2 3K HUU rE 5T
ZHDFE RIAE H W RS . A H 0 ) e 2 v B [
K HAE etk E A E . FlCircos (Krzywinski et al.,
2009)F A 7R IX L LA ML PR (155 & . I TBtools#k
PR S AL LRI K 2 (0] K /K[ (Chen et al., 2018),
SRR ).

2 HR5VTE

2.1 BnZF-HDEREXER EAIEIFIE

FA1iE I hmmsearch. Blast P % fl7E PlantTFDB
e B B N E3F E, Be AR I Y S B R A
W4 F62 4 ZF-HD 2 [R], AR 4 L 7E Gt dk A
B KK fir 4 NBnZF-HD1-62 (M3 1). F&ATAIH
ProtParam £ £ 35 Bl 624 BnZF-HD 3 [K 5% ik A% 57 4
B B 0 R 20 1 B BRI 7 A B DA B S5 s Tl
. GREIR, AEREE & Z M EBnZF-HD11,
344N HER, T 7>+ 937.30 kDa, EEiRE5EH

: HEERMSE ZF-HD R FRK S 5 Rt e - 701

HON8.23; FALME H & /b 112 BnZF-HD13, £ 84
ANEIERR, T4 8 N9.22 kDa, HFiEZH AN
6.82; 3£161~-BnZF-HD1 2 f: %k H (£ T-100, .45
EEMIFE [ 55 S0 /£ 5.77-9.78 2 [A],
87.1%I#BnZF-HD% i (i K T°7; A 101BnZF-HD
ERTINMAE T, HREFNTHE T

AR HWoOLF PSORTHE %t BnZF-HD3E [A]
S A 03 HEAT B 40 e A T Ay AT . 45 SRR
B, 411BnZF-HD&E HE M T4 ftz, HpeEhi T
434 . T REAR BRI . 16 R 3 R % H 1K T-100
I LAMIF N = 1 8 [ P B BnZF-HDA484M 4 5 £ T 4H
L

2.2 BnZF-HDEREZRSG# L2

N T ARZE-HD 2 R S0 kA o6 &R, AR 624
WM. LN H (AR % &, M2, 311 A%
(Wang et al., 2016)f117/M UG I+ [ ZF-HDE 1 /741
(B4 E AT ), BT AR (B L) Al R ALAA
AL A (P 55 3), MR 7 31 B 9 2 0L Fg 77
ZHDZE: A 143 (Hu et al., 2008), K H 5 A64 T
(E1; BE=%3), HAEA BT & & A% HME .
ZHDIVIE B4 5 BnZF-HD £, ~N161; ZHDVIE
B RS H2/0BNZF-HD; MIFE [ S 5 — N L RE,
H141MBnZF-HDJE T X — Wi, S WEHAE &AM
MIZF-HD &, HA &) H A E 32 ZF-HD
BEHME, HI% 7 ZHDVIRIZHDVIE & LA, H i
FE ZE () ZF-HD U 2 AV T [A) — P B H i 7R il 5
MZF-HD% H « R 48K AW 4 ORI Y il T 445 GH ik
FERXF, HA 18 7E H A S A (38 2 [a], 2654 17E
H RS AN 2 T, I g o I TR SR A B T

2.3 ZF-HDREEBRERGAELHNE

Pt fRE R R, 520BnZF-HD3E R 7E Y AR i A B
B, TEL7SR Gtk L RIS i (K2). AL CIE
FERH XA 314 BnZF-HD, TEBRASLLAMEI185% Yetifh
A E LT E AR, AQGL R IR 2 (T1Y),
HUCHATFIC8 YA (%67), AL, A10. CLFICAY
R 1/BNZF-HD2E R« ARTE B H FR IR I 10N 52 (A
o, BnZF-HD4F1BnZF-HD39%3 542 T-A02_randomA!l
C04_random, BnZFHD26 f11BnZF-HD27 ¥ {7 T A09-
_random, HR6/MERF iz Tscaffolds.
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Figure 1 Phylogenetic analysis of Brassica napus, Arabidopsis thaliana, B. rapa and B. oleracea ZF-HD proteins
This phylogenetic unrooted tree was constructed by the neighbor-joining (NJ) method with MEGA 7.0, with 1 000 bootstrap

replicates.

[F] — V. Ji& (1) ZF-HD 2% K 7E Ar 55 An .26 [K 40 2 [7]
DA AECo 5 Cnilv Ak K 2H 2 1) A S A AR A(E12) - 151
Wi, AR5 HIEFIMIFRE K 53 53 A7 T Ar6—Ar9 f Co5—
Co9 ki ff b, I Bl 3 (1 MIF 5 [R] 43 A1 T An6—
An9 JCn5—-CnO¥efifhk I, o e tafh EIIMIFIE %
BRI H H RO B AR AL, 35 B X 2 R HE 471 77 =X

F R o
2.4 HERHFZF-HDRIEEARTmMotifS 7
i MEMETE £k T H JATX ZF-HD i motif 247 5,

45 (3 k4)E7R, BnZF-HDmotif% H 7£1-5
A2 I8, 25/4~BnZF-HDL %54 motif, 14/~BnZF-HD
144 motif, 18/BnZF-HD% 34 motif, HHMIF
Vi 1 B 1 AR AL 55 AH [F] 13 motif, BnZF-HD38 A
4 1 motif, BnZF-HD13. BnZF-HD25. BnZF-HD36
MBnZF-HD554 2/ motif. 7& il % K110 motifr,
BT SMARTEZ T B AWl &% Himotif 2FImotif 352
ZF-HD_dimer4ityif, 7#ET571ZF-HDHE A,
motif 1;2HOX (homeodomain)Zs#)ik, Bk T BnZF-
HD36. BnZF-HD38 K& MIF IV 5 ik (147 1% 51 LAAH,
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FRELE: HIERNMSE ZF-HD KRN ST 5 /gt it 703
A An.1 An.2 An.3 An.4 An.6 An.7 An.8 An.9 An.10
Fo BnZF-HD7 | BnZF-HD13 Ill I g%ﬁﬂggyf\'}:
Es T BnZF-HD5 IV BnZF-HD9 I
1o BnZF-HD11 BnZF-HD2 IV BnZF-HD8 IV BnZF-HD10MIF
BnZF-HD19 |
E15 BnZF-HD14 Il BnzF-HD28 IV
BnZF-HD3 I BnZF-HD15MIF [T BnZF-HD20MIF
E20 nZF-| H- | BnZF-HD11 IV BnZF-HD16 IV
BnZF-HDG Il BnZF-HD12MIF H- BnZF-HD17MIF (L gnzF-HD23 1l
E o5 BnZF-HD18 Il nZr-
E 30 U Ll BnzF-HD24MIF
BnZF-HD25 V
Mb -
B Cn.1 Cn.2 Cn.3 Cn.5 Cn.6 Cn.7 Cn.8 Cn.9
=0 N BnZF-HD57MIF
=5 H | BnZF-HD40 Il BnZF-HD58 IV
=10 BnZF-HD32 1 BnzF-HD36 IV | BnzF-HD41MIF BnZF-HD59 |
=15 BnzF-HD33 IV BrzF-HD42 IV BnzF-HD51 |
=20 BnZF-HD43 il BnZF-HD52MIF
=25 BnZF-HD44MIF BnZF-HD53 lll
30 BnZF-HD45 IV BnZF-HD48MIF BnZF-HD54MIF
=35 1 BnZF-HD37 | BnZF-HD46MIF BnZF-HD49 IV BnZF-HD55 V
=40 BnZF-HD34 Il BnZF-HDA47 Il BnZF-HD50 Il BnZF-HD56 Il
=45 BnZF-HD35 |
=50
=55 H- BnzF-HD38 IV
- 60 U
Mb
Ar.A Ar.2 Ar.3 Ar4 Ar.6 Ar7 Ar.8 Ar.9 Ar.10
Cc _ 0 N BrzF-HD31 Iil 0| BrzF-HD3OMIF
BrzF-HD1 il [[18rzF-HD29 Iv
E5 H-BrzF-HD4 IV BrZF-HD19 Il BrzF-HD2MIF R\ BrzF-HD28 |
BrZF-HD10 | BrzF-HD17 IV [\ BrzF-HD18MIF BrZF-HD3 IV BrZF-HD27 Ill
E1q BrzF-HD12MIF
BrzF-HD5 I BrZF-HD11 Ilf
E 15 BrzZF-HD6 Iil BrZF-HD14] BrZF-HDB | H- BrzF-HD23 V BrzF-HD7 IV
E 20 BrZF-HD201 || BIZF-HD16 IV BrZF-HD13MIF
BrzF-HDS li BrzF-HD15MIF
E25 H- BrzF-HD26 il
BrzF-HD25 |
E30
U | | BrzF-HD24MIF
E a5 M\ BrzF-HD21 v
b UlBrzr-Hp22 1t
D Co.1 Co.2 Co.3 Co4 Co.5 Co.6 Co.7 Co.8 Co.9
0N N N N ;, BoZF-HD14 Il N N | BozF-HD20MIF
5 H-BozF-HD12 IV BoZF-HD23 Il BoZF-HD13MIF BozF-HD21 IV
[T~ BozF-HD11 IV
10 H-BozF-HD25 1 H- BozF-HD28 I
15 H- BoZF-HD15 IV BoZF-HD17MIF W Bozr-HDS5 1
H- BozF-HD24 Ill
20 H- BozF-HD8MIF
25 H-BozF-HD7 IV
30 LYBoZF-HD26 Il
35 W BozF-HD9 It I\BozF-HD27MIF -{ ggﬁ;ﬂggg“ff |\ BozF-HD31MIF [ BoZF-HD16 IV
20 U H\BozF-HD19 v
H-BozF-HD3 1 [ gozr.ppa s U UlBozF-HD18 1
45 =
50 N
55
Mb N

B2 HERMSE(A, B). H(C)MH (D) ZF-HDZ: FITE QL otk E 1707

B PR 44 R J W 12 22 R O R R

Figure 2 Chromosomal location of ZF-HD genes from Brassica napus (A, B), B. rapa (C) and B. oleracea (D)

The gene name was followed by its subgroup.
H'EBnZF-HD#F EL A motif 1, H4xmotifiE — R
PR, RAATE T ZF-HDE A F . BATET
motif 7> A AR FEAAR L, TLRF 2 A AFEZE R, 7T e
5E D Re A K

2.5 HIERHREFIUETTZF-HDEFE YLD 1T
FA 17 FH BRAD Mk ) Syntenic T B $: B T #1 7 7F

BT ZF-HDEERITE 128 H 06 R0 H 8 28 vk S o 1 L 28
PEREH, JE o pr H I X R (E4), 4R ER, 481
BnZF-HD % [X 7E 40, 1 71 b A Rl R 2R D, b 64.5%
(401N R 2 45 DUBEIR], BDZE H i B ek S 1 I 25 (R 2
B2 RO ER#E L, HAR8AZF-HDIE FITE 12K
W R H W 7R 52 ) AT 35 [R] 2 0/ B8 CF 5 PR 4 2%
HINEN, JBTRSFIER . 144 BnZF-HD3E K 7E 1)
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FATF SRR H I ik Z AR B R EE R . i A
SR Z AtZHDA3 W [RIR L A, 1 SR A i &AL
ANZFEDR ) [F)URAE DR, 350 0 2R = AR AR R R
KNG .

007 I 5 H 0 8 e S R e 28 i 5 DR T 5 S
R ES—, HhE 1S Rk e i F 5
A5 H R S LA AL L R 124N CAL 3 [ B A
HAM KR, HEAMEHAT. A9, C6FIC8H:
e PRI FE S E S T HE k.

FATAE H W Ayl =R 1 SEANE S R 4 2 [R) %5
H 154N AR ZF-HD 2 R0, 75 i 38 A H i C T % A
4H 7 8] & W20/ [E] J5 ZF-HD & F %F . Chalhoub%%
(2014) 438 1 2 A H W8 #H 5t 2 7] 83.7%0 1) [] 5 2%
DRI 6 i 3 TR AT DR BE A IR R R DR R o FRATTR B, £

Cc

32 H B 2 18], 64.5% ) [F] 5 ZF-HD 3 [X] %6} 75 i
S AT OR B8 O R R R DR S (B 65) . bk & R A,
1E 5 Y5 DU £ 4 3 22 sl A0 AL i #2 R, 2 2/3 1
ZF-HDH: R R FF 56 B

2.6 EEENSH

N E A& A BB R A T H I A SR ZF-HD &
B, ATCALEE IF . AR A ZF-HD R K R 2 |
il 507 AR AL FE A H i Y 9 S ZF-HD &R R X 11
R 7 (B 5 6-8) 0 2R e S e (Ko) R R) S5 4
(Ko LWAE K T2, WRANA BRI WRK/Ks=1,
WHAALE R EERE, W RKKs<1, WK gifhik
15 F (Nekrutenko et al., 2002). 453 E 7R, BnZF-
HD5. BnZF-HD34. BnZF-HD53. BnZF-HD58#!

I MeJA-responsive

' Circadian control

e AP B Anaerobic induction
s e " M Low-temperature

responsive

At ——— +—— Il SA responsive
A T I Auxin responsive

[ ABA responsive

+ I Meristem

*. EEGibberellin-responsive

' Drought responsive

B Stress responsive

r B Endosperm

I Gibberellin responsive

==

BnZF- 48& sr'-—:. 2 uon - ———— 35
0 50 100 150 200 250 300 350 O

500 1000 1500 2000

B3 HEAMEZF-HDE A KR T ZL(A). motif4s #(B) A1 = 1 H 64 (C)

Figure 3 Phylogenetic analysis (A), motif structure (B) and cis-acting element (C) of different ZF-HD protein families in Bras-

sica napus
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Figure 4 Collinear relationship of ZF-HD genes among Brassica napus, B. rapa, B. oleracea, and Arabidopsis thaliana

chromosomes

BnZF-HD5 5 #H v $t £k [ 5 5 R M Ko/K A5 K T 1, 35
WX 54NBnZF-HD£E K 52 | IE ik £ J1 15201 1Rk
PO DM R R R A R RAE . AR IE R K /K<,
UHEANIE D T difbiz . C WK 4 BnZF-HDX A
KK T8 i T AEATE S R AL 2L (R, R BHC I &
DA 20 - (1) BnZF-HD % K 7F 3k fb i F2 s RS2 T 55
HERES

2.7 IAERTTHES R

IR A 3h - DX 3 = A F o % T B A R e B B
3 e YPS L ERAE S S e VA Sy S W=
# Z{E H (Yamaguchi-Shinozaki and Shinozaki,

2005). #EdRidE, WCooft% S B A 2 HRHR N
F 3 IR 2 0] 2. 3% IEAH 5% (Walther et al., 2007). J#id
Plantcarer £k 73 1 T 5 XF ZF-HD & [Al e 46 % 15 1 &
Ji£2 000 bp /7 AT AE F e R, 25—k
PR SR O T Re AR R oo, LRI E1 5014
Jofk, Hadema ot %, SIET7524, AR
A BNZF-HDA: P H o BNk LA 1 ma B2 o $ic:
AN—, BnZF-HD3 MM R o 4 i % (274%); BnZF-
HD525 /> (241N) . BATTEE— 20007 T ¥ER . 1B o
TeAF AL GV e R IE T 70 A1 (BI13C), E43. 47
HM57/>BnZF-HD % B ) J5 31 5 [X 73 5l 4Gl E|MeJA.
ABAFI K% (anaerobic) %5 F o, HAGA. SA. £
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FF AR T 57 R bl P 7 G A £ 25 DR 4 7E 2540
ZAIREE R 2204 BnZF-HD 3 K 45 Wi 3 ) & 3 7
i S AR GURI IR L RIS TOA o [R]— SEAE 1D 2k [R5 =
TOAE AR BRI AR I — S R

2.8 itig
ZF-HDZERIFERE ) 2 PR B A AE S R R 3R
W 5t K I ZF-HD % B Xk R A7 A T Bl A2 1 4
(Wang et al., 2016), iX &I K A] G 7L R A AP H 5L
5 A R R 515 B 1k . AHE AR A A
Serp % e #1624 ZF-HD [, &5 e+ 15
Z%(Hu et al., 2008), KILMIFL ZF-HDE (I AHBLE
L, BARBZ HD S5 R B, 5 144> MIF 2 R g4 A
ZF-HDE R R IR mE . 5 mIr. M En
ZF-HDEHEEN TG, 756 MR, MIFETE
AN HE 7] — W REFI motif 2 A i U A — 2, inMIF
HEA A F P3N EET, A FE#E 2 [Imotif /) 4 % 5
WK, HIEAIMEEZF-HDI N KL Z N &7, X5
AR TT KRG % B SRS T I e A R — 5
(Hu et al., 2008; Wang et al., 2014, 2016).

AT P BB B LR R A 2
R, RA2TAEMSUE T EE, Z2E8Y
Fil 22 3 7 K& DR 2H 7K SF 1 = i K (Chalhoub et al.,
2014; Liu et al., 2014; Yang et al., 2016). T =£%
AR, AN I 0 ZF-HD 3 BB 6 5 34N A 3g i H
W EEEE R, by b R AtZHDL/5/171E Al
R S A 3 IR R, e AZHD A RITE (A
SERH WL R A A 182N 75 DL(FE % 5), KBS
A R RPE 25 2 JE = i R rp R AR TR 2R
F1 385 H W 1 43 6 K 29 K A2 7E400 7 4F LLRT (Liu - et
al., 2014), HIEM M= KLET 500-12 5004/ H
I ST R AR 4458 il (Chalhoub et al., 2014), %
AR UG, Big b0 R S ZF-HD R R 7E 1 s
AU S b ROZ A 6 R YR, B W AL S ZF-HD
BRI T A SR 88 0 R R R H 2 f0 . bR BB
7 AtZHD17 1E H W B i S AT 64 [A) P R R A, AR
AtZHDHE [FI7E H 5 2 5 b ) [R5 5: R 4 H ANk it 4
A, ULIAZF-HDEERTE 258 8 — 5 fb e KAE T E k.
HEW 2 M JE R AT RE A LA R34 (1) =3B =154k
PUJG, 75 Ak Ae i M e p R AR T BRI AR,
M5 B50H W5 70 o = rp o 2R M RIS IR 2, tnALZ-

HD3HIAtZHD147E H S A1 H i b & A 1A LAt Rl s
B[R, RS2 LA FUE R (2) LRV DY
R LS R AEF K, WALZHDLRIAtZHDSTE [ 3¢
AVH W &G 3N LA FVR BN, e A3
AN LA R ] (3) WAL RE TR AR AT R I
R, WIAtZHD137E F S A U6 b 58 LA e 2 [R5
D, AH S A A AR N B SR 2P R PR B, X PT R
5 = AT RE A R A KRR I 3 TR 2 2R AN G B A B
HE F(Mun et al., 2009; FFEHE4E, 2017). {HAA
K, 621BnZF-HDF: K A 48> Sl B Ir . H A
HW AL IR R, A SR T AR S 2 PR 21 & 4%
AT 244, RWIH R AL S ZF-HD 2 PR 5% 5 5K 1)
TR VISR .

EEAHE R A ST TR W, AR A H i R 4 Y
AR, R ESRIEAKPAEER, TSN
LF (least fractionated). MF1 (medium fractionated)
FIMF2 (most fractionated) 3™ 3 [X4H (subgeno-
me) (Wang et al., 2011; Liu et al., 2014). S5#IEIF
ZF-HDE:RFAHEL, He. HlE A H A b K2 4
R TR ZF-HDE B T LRI R R A4, X5 %A
SRAR RSB, HUUEMPEE KA, MFL
V.= DA 2H DR BE I ZF-HDBE R fg /b, T = D] 20 B 4 K P
EMFLIV I H B BRI BH %

gi b, AR FUAE T WA i S 4 R 2 v % E B
621 ZF-HDEE [, IX L RE R 7R 18 5% etk b AN
15047, AT R 2 FNC TV JE (R 41 (1) 2 R AR A &5 . ()
— A () motif A5 Ul Ay AHALL, S IR 22 A5 AR AL ) ZF-
HDE: A4 ok AR . H i B SR ZF-HD 2 [A]
A F TG fE A MedAL ABARIR IS S oot
N AR TR IR G 7~BNZF-HDAE K D) 5 34 58
THER, RIS O 2 i DR SRR S U 2 A8 A o R AL AR
Mg LBt gl

SE R

HRRE, K28, HER, BE (2017). HIEAHHEMADS-
boxJiE H KR 1 %5 58 5 R gt . Y% 52, 699-
712.
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Genome-wide Identification and Phylogenetic Analysis of Zinc
Finger Homeodomain Family Genes in Brassica napus

Min Song’, Yao Zhang, Liying Wang, Xiangyong Peng
School of Life Sciences, Qufu Normal University, Qufu 273165, China

Abstract Zinc finger-homeodomain (ZF-HD) genes encode plant-specific transcription factors that participate in the
regulation of plant growth, development and abiotic stress response. In this study, a total of 62 ZF-HD genes were identi-
fied in Brassica napus. Among them, 83.9% lack introns, 93.5% of deduced proteins have the isoelectric point greater
than 7. Most of the BnZF-HD proteins with nuclear localization signal were predicted to be more than 100 amino acid
residues. Based on phylogenetic analysis, this gene family can be divided into six subgroups. In each subgroup, the
number of ZF-HD genes in B. oleracea and B. rapa was the same or nearly so, while the number of ZF-HD genes in B.
napus was close to or equal to the sum of ZF-HD genes in B. oleracea and B. rapa. The number and type of motifs in each
subgroup were highly conserved. Collinear analysis indicated that the whole genome triplication allowed the ZF-HD gene
family to expand in diploid ancestors, and allopolyploidization made the ZF-HD gene family to reexpand in B. napus. Ka/Ks
analysis showed that the ZF-HD gene family has experienced purification selection in the evolution process. All BnZF-HD
genes have light response elements, and two-thirds of them have MeJA, ABA and anaerobic inducible cis-acting ele-
ments. It is speculated that they may participate in related biological processes. This study laid a foundation for further
exploring the molecular mechanism of this family in regulating plant growth and stress responses, and provided more
reference for future research on the evolution of plant polyploidization.

Key words Brassica napus, ZF-HD, evolution, collinear analysis, cis-acting elements
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fisR 1 HAOM3E ZF-HD R E A FR. 1D MEAEE
Appendix 1 Name, ID and various features of ZF-HD genes in Brassica napus

Mt 2 fsk. HIEMBRE T ZF-HD A
Appendix 2 The members of ZF-HD gene family identified in Brassica rapa, B. oleracea and Arabidopsis thaliana

Bk 3 T RAMSAMLEM I HER S WETT. ESRAMH I ZF-HD 35 & Gt
Appendix 3 Phylogenetic tree of Brassica napus, Arabidopsis thaliana, B. rapa and B. oleracea ZF-HD genes con-
structed by the maximum likelihood (ML) method
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MR 4 HEARH3E ZF-HD &S motif {57 23R F 51

Appendix 4 Motif sequences identified of ZF-HD proteins in Brassica napus

BisR 5 ZF-HD JEE/EAZE. HEE RS AR T 3L 4ot X [R] R [
Appendix 5 Homologous ZF-HD genes in collinear regions of Brassica rapa, B. oleracea, B. napus and A. thaliana
genomes

MR 6 HIERIME SR I ZF-HD SE4R MR 1 Ka/Ks HUAH
Appendix 6 The Ka/Ks ratios for orthologous ZF-HD genes between Brassica napus and Arabidopsis thaliana

BR 7 HERNHSE S FI3E ZF-HD L EE R Ka/Ks HLAH
Appendix 7 The Ki/Ks ratios for orthologous ZF-HD genes between Brassica napus and B. rapa

M 8 H AR S5 H L ZF-HD JLLR MR R K KofKs EiE
Appendix 8 The Kq/Ks ratios for orthologous ZF-HD genes between Brassica napus and B. oleracea

http://www.chinbullbotany.com/fileup/PDF/t19055.pdf
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